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<64) METHOD OFOECIOING ENDING POINT OF OXYGEN-FREE PLASMA TREATMENT 
AND ASHING METHOD 



<57)Abstract: 

PROBLEM TO BE SOLVED: To provide a perfect 
method by which the ending point of ashing for non 
oxygen plasma peeling treatment can be detected 
accurately. 

SOLUTION: In this method of deicing the ending point of 
non-oxygen plasma peeling treatment, used at the 
working of a semiconductor wafer, and non- oxygen 
plasma is generated by exciting a gas composition, 
containing a nitrogen gas and a reactive cfas and is 
made to react to a substrate 88 carrying a 
photoresist/residues. The ending point is decided by 
optically measuring the first opically discharged signal of 
the resulted product of an oxygen-free resection at a 
wavelength of about 387 nm. When the plasma does not 




react to the substrate 88 any longer, the generating time of the optically dfecharged signal 
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with the wavelength of about 387 nm is decided as the ending point and is displayed that the 
photoresist/residues are removed from the wafer. It is also possible to decide the-ending point 
*by monitoring the second optically discharged signal of the resulted product ^f the oxygen- 
free reaction at wavelengths of about 358 nm and 431 pm. 
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1 

S;K (88) {C^LTBtjlE^S^^y^X-r^^jCSS^^T. 

[§1*35 2] tufS,^T.S^g^^-r^)7t*!)lC^?^3 8 7 .nm 
[ff*^3] t1jfE*rT.^..*^:£1-5 3ti6{C*f'3 5 8 nm 

{l«*^5] m^%ik\i^P^^^ Yj\^:^z3--:/ (92) f^:. 
[fi*^6 ] mU%nm:^^i7 Y;\.y^z2--y {92) (07t 

gM(c:$>^<t#tc. .^T,#,2is^s^ix^r -i:$:^$»^f 
[IS*:^8l B*IES«<1. CO^®(c*t)3. 5 J: fc/h 
^mi:^ts^^mW^=^y^ (88) Xi^e)/,^'£>w <i:^4^mi:-r 40 

(C:fo(/^-C. X75^1^=»b4. y;i5o;5^f?9. zt^lt^i^l 
Oeo^eSKcfo^-rfc^ife, fe^i>«lNF3. F2. SFe 

±W(om^(0^ 3 5 %oST-fo-5 r ^ Sr4#afi:^ 



2 

S« (88) (c^rL-CtuSEMK^y^X-^SrSC^^TlirT. 

*^3 8 7 rim<0}Si^X(Dm^W.^>^^mM<r>%Wi:mt^:^ 

ay^ L. - - $ n)t3t»'{±im-g-(c^*it ^ may l 

iiiit-i-^ay^r^xmsr^ ?5<c:&tf S:«=«s<^i-^m 
•<lt§*^i 3] Biifa3tjtetiift#.^ay;et''5rc4?)<o'^^ 

^^-^iJ' b/u;^=r~r <"92) e:fflV^-5X^S:^^>-(c^Ow 
^16*3^1 4] t5l£3tSrtt5;^-<^ h/u^i.zi-T' (92) <o 
m^i±. ^y^n^^^^ ccD^^^ft. 

{Sf3ft^i 5] mU^nii^y^^^ h/^;^^— r *(^2) 
-iiSsft^l^lS^ (88) d^e>>^;^- M^v^;^ b:fei:'<^/ 

msB? n m(o&sxm 1 ^MLthm^-^rm^L^ 

y:^ Yx^iyy Yi6^rj/'^tL\'i:»W^^^m±^\zm'r^ 

m)ISS^fl!^?ix?tS« (88) ^flulS:/7X-^^c^ffi^^. 

^ Y i^iyy Y^^V^y^tz^SLWmzML.XSSt^^'^. 
^3 8 7 nTn(O^S:X^2^ikmm^-^m^L. 

m^mi.m2%iicmt-^7i>^mim-X';h^^^. mjfa 

Iff 1 7 1 HulSS 1 ^ii^n^^ii. ^ ^(C^ 3 -5 8 



(3) 
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3 

{ff-tt. $Pj{C*:l3 5 8 nm33ilJS|S)4 3 1 nmroJBES 

< t "b lo<^^S^?i^''J^v^g^g (88) $rK;P^F^(-iaS 

[iS*^2 2] tfjE3t»lli:^-<^ fyb>^=i~7- (92) 
f^i. i^n^-^T-fe^r^^4^m<!:-r5^3ft«2 1 

3 5 OX:co^ffl7i-^Bui5S« (88) ^XIi^(c;t}D^-r >5 

im*352 4] tulEg^ (88) 1^. r<7)^®(C*^3. 5 

{§f*^2 5l (88) 7i^e>:7;^ hl/v^;^ b^5j:t// 

^i:. ntitE.^i^CD^JtMtSiJt^'^. *^3 5 8 nm. 3 40 
8 7 nm. :}SXXJ4 3 1 h m^3tifctt3^:g-«r^i-'5©]3l 

r ^ ?r 4^ m <^ f 5 r :y > >/ :^ fe. 
lii*3S2 6] Hiii£7tS:tti<t-i-^3t^W«ca'J^-r'5Xli 
ii. jtiSttS^-^^ h/u;^=i--r (92) (ci-sr <t^4#8S: 

im^m2 7] m^m^m^^^ hJi^Tszi-z/ (92) so 



4 

^)iS:Km^O®^;^-r'5S« (88) 75^<b7;r hi^i^:^ V 
«^SJC?^ (12) f^^cgdSL. 

mjSa*l'T.#.755#ij3 8 7 nm-OK:gT-S«'5rBg'i^lfc'<CJS;: 

r ^ ^*^Si^ -r -511 2 « f£iB(0*-?fe« 

ifS*3S3 1 ] mmtki^^^:^^^ h/Hi. iKJ3 '5 8 n 

-r^!i*3S2 9|5^(D:^fe 

Il«*^3 2 1 ^KSl:/7X-r . ;^ h y 
is f 1 5 *^ T * ^ -r ^ 7t a?> CO fe *> o r . 

@i^Sr^®Ji(c:i-t-^S« <88) KMLXKft^^X^ 
^358nm. i^387nm> ^^XJm4 3 1 nm<73S 

[OOOl] 



(4) 
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[0 0 0 2] 

3i5/^>^xJ:3:7^3^^i^i^3 >'^S^0^(::^'3I/NJt^- 
[0 0 0 3] r y v->i;^'(C^-r^^M{^> ^:ThUv^;^20 

[00 04] 7:^ b l^v^>^ hXU^/Xf:i3^Sfe;5S^.*$ 

i^t^;^ h «^:/7X-7i:(7:)^^S;^^(;:>i^-e^- i^— -^JSC 
[0 0 0 5] 3t^jcai^9'«ffe<^S-5v^7t^< t73|j*.T.^,;gia3 

^—r^zt\:ix^ xmm^^y^ x^ Ty»' ^f^m 
mtLx^ib^tcx^rzo oHxi^coco-rsgteJi. :7 

[0 0 0 6] Si^. fe^-^^^y7X^-e*®^t:LTv^-5 

IgSJi. r<^)::/^X-^;55ffl^ftt{S<^^kfficoffiSSSIca 



6 

^^ir^'-^'v^^V;^-^:^ d;;^ K — y >< Xd>'>/^< f^^xD 

[O0 0 7] ^tih<r>m^km(Dm^Wv±. i^^^^\z9< 
m^uxh^. afc.^sv^k^ii:<oKS«:^i. >^^x-7 

x^m^^mmm^^m^m^xh^{c\'tuiyp^ vmmmm 

[O0 05] t^oT. «IK^>^7X^<oxygen fr^€ pla 

^B^co^^^-Cl 9 9 9^8>g5a^citii^^n/c. ^a4# 
f^fctl^#-§-m 0 9/36 8, 5 5 3 

IS r 5 ism o^i-T ^Ktf -r 5 o ic jg L x: V V \ 
[0 0 0 9] t^oT. mwtmy'yy^'^xxoyyt-hi^iyy^ 

h&V^/'X\'±mS^<0^.^^mz,MT^T'y iy^>^(0^ 
T .^..^ SI ffli- ^> *-*75S^M^ ixT V > 
[OO 1 o] 

> i/*-^ liet-r -5 :i ^ fe 
10 O 1 1 J 
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7 

^^^fcH ^ ix/^ < /.^ o # OP#ffl{ci3V>r ttjffiJ^T,^,4r 
[0 0 12] te<?:?«^E«c^ixii\ m.m^:^t. r 

!9 ffi L. *^ 3 8 7 n m(^5SST*C0tufE^^?^« 
t C :f6 tt ^ L fc '^{k: C T mj lE^fe T «: Sr^i" 
loo 1 3] ^7t. te(0#l^{cj:tt{^, m.m:^:^t. 
r^X-^^SI^U. *^3 8 7 nmc^i&:^T*mi7t*k£lim 

[0 0 14] ^7t. :7;r h i^i^p^ h 

)iJtj3 5 8 nm. 3 8 7 n m. 
i3.ta4 3 1 nmT'^fcaffift^^^-r-5S'Jiii^Srf^lPtt5 

ofcirtJcr^/v-V^X^g^fflfc-r^. ^-xm^r'&tfr 
[0 0 1 5] ^fc. -fdlcom^tcJ:ni^. i^3. 5it?t 



s 

[0 0 1 6] «&co*||fig<cj:ixif, mm^y^t. 

JC?^3S^Srf^!?^iiL. *^3 5 8.nm> )^3^ 7 nm. 

oiitR^n^cioSray^L. HijiEmsy$n/c^»ffi^t^ 

{-t ^, aay L 7t ^ jtltcrt^ i: T ml 55*^T ft j^-T ^ . 
[0 0 17] Tyiy>'^mTi^.^nm 

^i^fi^^ix7t{t-^<t «p t^y 't' Xlt(c^LTig7i-<c:^Sv^ 
-r^o :i 5 LTT5'e^>'^*^T,«l:J:. XSr 
r>3LX's:?jDmi^>'>^;5-^«tii^ix5*;S&U^:7^7X 

[OO 1 8] 7^ hVv?;^ 

ifeSr«®J:(c:g'-r5S««rRfl;^^<cA4x^xmSr'&tPo 

«ig^^>^^x-:^^?p^^-r5yci?:)-<c. mm:^y^'t. ^<o^ 
m:^mf&^ti^. mmmy^y^-^j^. y^t hi^i^i^hR 

3 8 7 nmX-<Oi^^xn 1 jtSrtbit-i'^. 3 5 8 n m 
[0019] I^a^^^Sr-U. 3 8 7 nmX'^om 1 

3 8 7 nm<03t&a3ft#^0^«7)5*^SIiiJ'C#*^^;^^^X 

U>^^T .^.Umm^iTJU =r y X^<C i o T ft *!> ^ 
y'yX'^^^W±^i^i>(OxmM=^y'r>^irW3tt^iX^o 
^^mmt^ 3 5 8 n m^'CFi^^ 4 3 1 nmX<om 2 3ta 
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OS^E^tc J: o Tit C/jT V >m 1 BLXim 2 SS-Cc^^ifetiift 
[0 0 2 0] SU(7:)|IJ6?f^fi|-e(l. ^ 3 8 7 n mr-£D«F^ 
^FtL^o 3 8 7 n mOm 1 3t»:ffift#t?<0^ 1 ^Sfcffi 

«® «r ^-r ^ X 7 X-^ <^S^Sa<C -5 it . 

[00 2 1] y^irV Uv^>^ hXTJ^/X(^«®ifel:3:. S^g^ 

^^^mi&-r^tK w04^dci^llK^^^X^X-^{C!^ 

r. CO J: 5 ^jr^J5lci^(i. 3 8 7 n TnX<oh 1 ^tJScffi 
-ft-^. 5l&a«C^3 5 8 nniSa^4 3 1 nm-eom2 3t 2° 

Sic. X^X-5^25Sg«(C«pt$iX^>B#. ^3 8 7 nm-C 

^^^m 1 2 3t;»fcbfH-^!^^^sy5£-r 

llor:xv->^,^T.^.(:i> ^ 1 3tfefctim-§-^^^m 2 3t 
^S^m2^S;&sj5irf^t:P#<D^T.'S;d5;giaj^n^p 

[0 0 2 2] V^-f zxt^^ge^X^ X-^ 

11. X7X-5'f^^^{4^-eO;^^^X7X-^§: ^fig-To fig 
K*X7X^^^i^-r^);y;'^M/Sife«:. ^m^:^t^iS^ 

v--^— (cXlD;ie)iX'5o so 



10 . 

[0 0 2 3] X^X-ri:?:^ h Uv?;:^ hJ^:a:/X«SS 

Sr^^>ft5iaS'iHg;^;<differentiation capability) Tfe 
«>«r^^J3tftcOffijSiajB^4:^oTX^X^c!::7;^- 

[o 0 2 4] *5!i3^<omexCF-?:<o«ia:>e«. Sgfa£ 
{0025] 

bl^^-r-S^ci^XC. *'SlgX^X^:^.-!£i^f 'SX^X^ 
{0 0.2 6] ,^M^X^X-v(^. ^M)^ 

X-e^?p^^t-'5r.i:ici:or^*i-^o 

ffi^^^*X7x-^^ffiv>^^mig^naa«(os^. fip 

*>0 H <h C O <t 6iiS /i^ I. \ 

{0027] ;^^P^O«i^5^X^X-^{^, ^^^;if^4: 

^^tt>>xifc>^ ^^mmmmxi-x^ ^s^x^x-^ 

^OS*t^<C<tor^J5gf ^i^3 8 7nm^<^?mi;)tA6:iii 

CT. *^3 5 8 nm^ 4 3 1 n miO&S'CcOM 2 ^tSfetii 
*tl 3 8 7 nmX<om 1 3fcJ*i±Sit^.<!:ffi^^i:>^ 

loo 2 8] X^X-7^:7;r M^v?;?^. f&Uf/Xf^aS 
^<t<OSJP^l. ^^rt. *^3 8 7 nm<DffifiT''>/^-< t 

h 1 at^p«ai^tg/.?m i ^4S:a{t#. &<^;^ 3 s 8 n m 

i 4 3 1 nm<OK«Tm2 3t»tiS(t^€:l8*-r'5fi^* 



<7) 
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11 

&\t.i^3 5 8 nm<b*^J4 3 1 n mT^cJ^H 2 3tSktiift-^Sr 
X V m^m-^^mi:^i-^(OX\ *tJ 3 8 7 n mXrom 1 
i:%;t^ix5o 3 5 8 nm. ^3 8 7 nin3^l^4 3 1 

7 nm<Dmi KfiTMlT 5/ :/xm<^*^i? ^ Sr^f^t 

[0 0 2 9] htlfz:^ U y 3 /U h'im-t. ^3 

8:7 nmT*C0>'<:y K^iS(OS:, sEl^MlCCD 

irS^ffi$i^^>>t«s Sit^^^^^^-CiJC^T'^X-^ir^^j^^^tT) 
^D^.^ ^ CD (c^^ ^ 5 r ^ 75s 5 ^ > :/75^ <b TtSfe-ffi * n 

10 0 3 0] :^'np<->5^T-«J*^Fixyt::/7X-^T:y 

o^joxismT^g.^ ^ ix ^ * o ^{4^ ^ ft ^ L r u ^ ^ o 
t^'f^'^^ bixfc;^ u 5/ 3 /w- nci^ L fcB#«CT 5^ 

[0 0 3 1] cci:>m^^%^<oxo^ii'^%mm&^f\. 

h/USriia^WiCfS&l-^o iKJ3 8 7 nni-C<^Rtg 40 
-f-^^^Tbrnt. LV\ *ij3 5 8 nm&CF4 3 1 n mOS^^ 

ll#fctijs^o:*'&(cj:or> r 'y'>>':^^iDXiimT*y 

'^y^^:!<'~i^{cm\^Xmi^Ltzy'7>^Xnrz. 
-«?aLyN$^^^-^^--X^^:3l^:bi^TV^^, 3 8 7 n 



12 

[0 0 3 2] «S^^>^^X-^;*f;^<o«p^<75«5Ji:i. 
X-7?FJj55c^#X?;^;^^a^7-^X-r^:fl^^-r^gE;f,<Cj:o 

^ <i: 5ferS^£^ L T y ^ X-r SIS^M ^*#«El- ^ g^f* XW^ 
[0 0 3 3] LV^M®e^^7X•^;!^f>^Mfi^^fe«^. «f 

mtm^km(Dmmt^^^mLx\^^^mm\B\^t-. 
miz^m^^mt^ -7>ym^^:^y^^ 7i<im^^:^^Rn 

loo 3 4] ym^mit^mvi. .zfyy<^iz. 

X^X z^lt^hl 0(Om.mx^^) . NF3. 
%y^mx^^Z.tt^^ti\^\i\ Z^^m^mit^^i-i:. ^ 

^ ii*:-r ^ <0 -5 <0 -C # o fcc 

{0 0 3 5] :*:^-&:^^t:-g^>fe{l, mXML. 



(8) 



2O01 — 1 8930S 



13 

[0 0 3 6] fl^*Uv>*^(^5fellEife@;tf;^il. 

[0 0 3 7] UV>7K^;if;^^£^i^(l, Tk^;^^;:^: <i: 

7K^;^>^;d5:^P';^'— ^ >'i/;tf::^M^^co^S(^^ 3-5 
[0 0 3 8] ^^75H>rtL<Jr)jSJS^t±;j^/^. fin*>7s/*^ 

'IIS ® ^ i: ^jcj; L T >^ ^ X-r fc J: o -c -^6^) <c 

mt.f^ 3 8 7 n mT(7:)*fJc£:-r 1 3ti§:ffim-^^^tf& 

[0 0 3 9] i^T.^,c7?Mfcb*-&(^. >^7X-7MS(^^3gc 
Oo T'^X-v^t^fiEj^ri, |*J0, 5 h/U (tor 



14 

*52 0 0 OW* T'l^iSr-t^ T ^yi^ly'!/M^X^:r.y^n. 

9 0 0 0 cm3 (tli^t#tS) iXT-Uffi-C^Oc ^tlh(0 
3 8 7 nm5:t/4 3 1 n mX-^*Sc-ffl{t-§-^5!^f ^tJn 

^(om\^ z tih (om^i^^i^m ^xmm{cx\tm^ftt> 

-C^ ^ ~ L T T !X v- > ^J:m<omT/S.i:»:ib 5 o. 7 
v'>:/^T,'^.$r^a6-5fci!>(c^3 5 7 n mX<Dmif/t 

[0 0 4 0] 7;*- h Uv^;^ — teWfC. Bfife^Tife 

15 7 n m<Dmm<Dm^&m^tl^-:7 ^ hi^i^:^ h -^fij 

J: o T i^mxh ^ iSW t> J: V 
[00 4 1] if^:^Y^y^:yifi^%m^-^-^^:^Vy'yfsiy^^ 

lasma reactor liiiing) ^^3l✓^<^JS^^;55:7;^ b l^v? 
:^h^Km\^X7t^^h=:^^y^Zy:^:StW^^^^-r^. W 
Mmmi$^^:y'f'>:/3:m(0^^t'LXm:i^7b^. 

X-^^^L3l<f>{cS!^.L*fc;R/$:a75*?? * C ^ ^ % ;t ^ix 

10 0 4 2] mmti^^^-r^'pxmmmyy' 

^:^'^:^:^m^mc^^xm^Lrz&fCmi^. KftLX 

^ 3 8 7 n mxm 1 ^m^'^^±-f-^mm^x;h 

-^ixirflS'JlC, if?^3 5 8 nm^J?s^4 3 1 nmtr<7)^ 
2^iSMift#{l. T:yt»:^^|^T.^,^^l^i^)57tie)(C*^3 



(9) 
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[0 0 4 3] *5g?^-efigffl-r^»co«c«F«ci?jgi/i>!^9x^ 

Trxv-'Y— ^S{^> mPLit. i$^^>>'7^ h !;-^SJ:7'^X 
-^T :y->^ — Vh^ . rtlll^D°Di& G EM I N I ES 
— h>'(Eaton)tf:;&^bitTlSeixrV^5o "^-f ^ n 

8, 3 0 8-§-S:t/^4, 3 4 1, 5 9 2 -§-MU^(C-(l|®4^ 
ff<2:^§§WO/ 97/37055 tlT:Ji5 1? . w 

#1 0-e±»6^)fC^^Lfc-^-f':^^nJ£:/^X-7r 

7X-^^;imi l-S.T/:/7X-7S^£;^i 2Sr'&tfo 

[0 0 4 5] T^^X-^^^^ll-^-r :J^oa^i^':5' D — -:^ 
^ 1 4 er-g^tPo wi^-^-r :^ n&3i>>7 n — cp^ 20 
ii»?&8'tS:/7X-^l=2 2^3g-t-$e]Ul 6. 1 8SO^ 
2 0 izit^htitz 1 ^iTiJSA'^f^O^-Cfc'So *4KIlj{:i. 
>^^X-^«;dSal!9Stt^§l-P^^^-r^>c ^-EilKa^. 

ti^V\ ^{I!IW2 4l:3:2Prt(7?>^7X-^*g;^Sit?SA/X' 
v^5o wO^^R|Jl^{:+:7'^X•^¥:(!)>e)^I;^)Mc^i^TV^T. 

X-^l^o?fti0z555a^a<tT?:fipti-5o *t 2 41i-i^>'r-f 30 

^ ^ffiS^^O J: 5 ^<^-?:<^«l<?3>^^X-^««-?£t25^'^ffi-C 

[0 0 4 6 J l^'iL-B=;6Sil!9a«:tTV>-51i:® 1 6. 18^ 
Xf.2 0f7)§^p^tl:/^X-=rl^(^^{aiJ-Ttj£j: »j^^<f^^ 

nTV>-5, 1^0cpr-:/7X^;i>51d?-(c®^$n^i: 

ris plate) 2 6 t>^$ixTV^T. -^-f :^ n ^m^yud^— 

^ nS;2i-t.yH^— 25Sil^}JS«t'5a!9«2 8. 3 0. 3 
2. 3 4Sr-&tf¥e>/<C&JSffirfc^o 
[0 0 4 8] -^^^ n & h75'>^36<t38t^. -^-f r^^ 



1€ 

^An?DnTVN5>»eg1#f1^B5, 4 9 3, 3 0 8^{C#g 
^-^4 0. 4 2-ti. fta^^^SriSAUT. {^iL^l^<;9fe1 

[OO 4 9] -^^^ hn:/4'6;5>\ 4 Bt:^l.X 

2Sr^Lrv^^, iSlKWt^SiijS 2<OS^«i;. ^1^-51^ 
^<^:7*^>^:^-t-5 4(c<toTI^tn^^T-fc^o igKl^<0 
SBj 5 2 (^^®tg<^g^ 19 « 2 6 ^-fo !9 > CC7^S»9jte^:i. ^ 

[0O5 0] m2^^^ ts ^^^^ ^yZfJo O 

•^>l':J'D& h7:x7'3 8^i^^6 4(*l«S.Lriafi 

-So {cijzo 
. [O 0 5 1] ^7X-^l=|i, 5S5g^-^:yr^<^cf3(OOy > 
•^-fi^^nft h^:xX3 6 3 8 OPflfe-C^f^SmiCli: 

[0 0 5 2] -^^f ^^^zTLi^^ u — iy^ \ ^y^^ S:^m 

•{00 5 31 ':f7:^'^Kit^mi 2'\t. mm^ti.^^^i7 
=r^y^8 S^Xi^i-^ ^>^^^^?#f>8 0^8 2$:^AyX 

>^mmx-m8 o\:7b^^m3^ ox:^x-msf:^tic>o ^ 
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[0 0 5 4] m.jt^m(Dmm^:L\t^^xi'i'^y7^T<Dx 

[0 0 5 5] ^J^cI±l5^^5^jS<t-^o:*&il-jK:«j*c:i< 
?p^te-eti. 3ti*ffi5J3tft(:i. CCD {S:??fS-g'T^-'<-Y 

^m^-izm^: U T »: (c^ (t:^ T ^ o ^'{t It ^ ^#(c: iiiii 

[0 0 5 6] zixtm^Hc. ^^ico^^ih^^i^m-r^) 

Ztt>^-^^^o 'B^'Jx.i^^ miasoi: 9(c^y — 

^^-^ K^^— JttCffijSLT. iKl 3 8 7 nm<^3!feV>;:«.-<>^ . 

-^(Omi-X. T7< y;?7-&*®(C^£M1-'5-<y7^-<-(Ver 
ity)i±;i^^rtTIS$ixTV^5M#E P 2 0 GMMD-Cfc 

'<yT-w-a;&>femig^ixrv>^>ssE p 2 0 
cDm^^n<omn. ^ -^^^hmm^tixi^^^ 

SSSD 1 0 2 4. s.t/r^ y J^-^^atC^tSFf-r-Sir- 
v^-y^ 7|-y^7^-< -y:^;^ (Ocean Optics) ;&^trfTfig-$ixT 

— Xp°pP C 2 0 0 0OCCD^iJ>^ffr-fe'5o 
{0 0 5 8] ^^WT'Sffii-5tO{C»ii//^giai^^^(J 

*i^TV^5S§S PM9 0 0 1 T*fc5o ^K^^^X-^ 
fe^O«#T.^.'Ktii;^i^Jl. *^}3 8 7 nm-CcO^&ffi^^ 

Cr. Hui6<35j: 5<ciKi3 8 7 n m'-e<^)S;£;ii|^e?<c^;£: so 
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-r^k^Z 58nin^ij?^43l n m-C<^m 2 ®:^<t. 
'g' t?-^ T 1 1@J5iJ6<)<c: t ^ ^ — r o r ;6S 5o 
{0 0 5 91 I2l3«::^5<i:. *:afS<^>^a;55^$tirv> 

8 8 e7 3iyN^}$.t->' 8 O <t 8 2 {C:^ii:TS:j^;M 
1 2co4'-^An?>ix<5o Z(D^3Ly^i^^ ■7^YUi^y^V 

[ 0 o 6 o ] :^:^^j^(K> i-ot Lxm.m^'^tfmm'^m 

erS^LTX^X-^^^Ml 1 <^X^X-^^ 2 2 

t!^?^-Six^>o «:e:iiJi6. 18. 2oit. >^7X-^ffrt 

T*X^X-eSr®et*5/cd6{c-=r-f' crK^-^/^=¥— 
l^^ix^is 19 , r.<0>^^X-=r it||^6<j<c4^{t/m-^t<Sf 

10 0 6 1] Sb^^ix/c, mh=^^yi^^—^n-D:^:^(D 
W.'rit.. ^fZ^m(D-^,{zmi^^tiX:7:i- hi-iyp^ hRuy 

^tm.it^\.x^^\^^&i^$:m&'t^. ^-^(o^ft^^ 

Sn^o ii5H±;«/:^2J5^e^Wg§P§i$9 0Sril«9ii#'-5i: 
[O 0 6 2] CCD^5>7feff-C^^^iX7t:/7X-eT:y 
iXtm\h^tiX\'^:bt^\t. mZB7 nmizMit^T^^ 

«c-r 5 CO I ^ 5 :7 -i- J: o r $ 

-So 

loo 6 3] CCDl/^^ffc7:)«;5ittt. y<iy^^yi;> 
=i'y XA.:SrtsEp ^, /<y>7^7l>> K5ti»«:3^7X-^^ 
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{C o r V ^ -5 ^ -5 ^ $ n -5 o 
[0 0 6 4] ^uj^-^^^coyyX-^Tv^iy^ — 

$tlX^^3 8 7 n mX<om I ^nrnm-^-Tlim^^tl^. 

3t^?tb5o ^3 8 7 nm-e3t»tii-r^S2 3ti4mm-^^5 
^3 8 7 nni-C(^?m2 3t*$Ctbft-§-755^S':bt^(CitL 

[0065]^358nm. 3 8 7 n mSt>'4 3 1 n m 
[0 0 6 6] 2fcCD|l>teWf^. huv^^ h^|^5^-^^ 

[0 0 6 7] (^j^^n) }k(ommmx\'t^ uwy^ 

h Ui^y^ h^3000rp mX^Miy V =^ > 

?<Lrci^(Dx$^D . iyyy'u^ (shipiey)tt?ii^b mis ^ 

i^TV^-5, 1 3 0X:X4 5mB^. M^E^-^y hyi^'-h± 

ion Gemini E^o 
S Plasma Asher«:^&o "CV Z<Oy:t h Uv?:^ hSf®^"^ 

0 h/u<^mf^JE:^?T-i 8 0 OW{csS:^Lfco e7^^^(12 
5 00 cm3 <0:ff:;^S^MX:7ji~zi>^:ff 

— ^ >^:^y^tM^^^(D?§m<7^3%xho 

tz. i^^y^its 0 ox:<Df^mzmmtLfz^ t'^x-^t^^ 
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S^?i^7tCCD§l^^^f^^cJ:oTiK«L^Co 2O0/^^.^ 

ft-T-fa^LfcT)^ r<7:>ccDS/^j^fK^>^7X-7te^o 

0-^(05 o^v iPm<o^tkmm^$:i&mCrz. 
[0 0 6 8] ®5&t5Ei4ii. mMmyyp:'^i:m^^tz 

T yiyl^ ^i^i^XCO 2 0 O n m ;!!)^ib 5 -O 0 n mXiic&^ 

xi^^^y'-^itccomi^^H^^mLtzi'fnt'i,^ m 

X^'^^titzyy X-^T :y ^>-%'— X?^tfcffiffi 
[0 0 6 9] BgS:ofc<t-^;d5*tj 3 8 7 n mr-^ai^FiX 

^:yf^>i/gigi^<bcoSJ^;n^,^LfCp 1 5 5«?6p=K-e 

B;5Cfci?){cr7X-^tom:^lSrf?ifc'r'5« rcoKJlsfc^T"- 
^i-t. 3 8 7 nm-CO;^ U:y v-syU K3552 5 0O3t36S:tli 

[o 0 7 0] mcx 0 ^Jl^^^^&->rzs^^^mxi'X. m 

3 8 7 nmX(D^ikWt^n:^\yry->3/i^h*X^iS:^^:SE 

'Mv^mzM't^t-. >^^x-^.^f?iht"'5Sij^s^M--m# 

'5rtg^/jr<5p ElS«:J^!g;dS;jst,4 0 O nmd^t 5 0 O nm 

r^w^jp Els tj. **J3 5 8 nm^ 4 3 l:nmX-OM2 
ft-S-Sr^LTV^-Sp 

r 0 0 7 1 ] <mm&i 2 ) ^n^s^fj-ct^, #s y =^ > 
^^^-'^^r. i^^K^f^±m(om\^^mx\ ^az-soooit 

>^::^hxj-M,(7:>y^hi^i^:^hxm.mLX. yy^^ 

{ 0 0 7 2 ] -0 6 :^''^f^mmmxm^Ltzm 3 

!^>ger^f i/^:7'Cfc5o ^T.^J^I*J4 2S;xr^ - ^ . 
7;^ hi-v?;^ h«:Sif9^L./cS. iSSy^ y^>>/g:^S<' 
y'c^^><c:/^X•^CD||ag.$:fpihLitwi: $::^LTV>-5p # 

y^X^^LtzyyX'^iz^^y:^ h Uiyy. h(0^.^{zi-i: 
^1 5 5#z55i£l^^r-fe^<o<c:»LT. yym^m:^y^X 

5a ^ a V ^ c <t §q ^ ^ -T* ^ , 
[ o 0 7 3 ] m 7 2 x^s$,m Ltzi&m^zx^^. 
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M^^^it^M. 7K^'>>'^"fe;^=^:^=^r1^> (hydrogen sil 
se squioxanes) (HSQ) (DM^ SM'r V y =^^^^ytjyy 
Yiy^]) -ir— h (tetraethylorthosilicate) (TEO S) 

10 0 7 4] nmm2{z.^^nm.m^y:^-^mm^m^ 

^^L/jTTi-ofCo "ml" SEMi: "tg" SEMt:i7;:fh 
*C7i^LTV>5o HIC. TJl!l^m«^®. TEOS&t/HS 

[0 0 7 51 *5!W*^jFf ^ LV^|IM|?F^SO^^X?C0|ftiq 
[01 1 i^^X-eT^'v^-Y— e<£^-r'5-^W'^GS?3i>'« 
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[E13] ia2-e^-r:/7X-^T5/v^-^-o^ffieiT-fe 

[iSl 5 ] ® 4 -C^i^f T y ^TtoStDigm-e 2 O D n m 

1^7] :^^5^{Cct ^^g^^tT^^X-^ffjSi^SOmj^S 

{??-§-(7:)Ift?^] 

10 
1 1 
1 2 

1 4 
1-6, 

2 2 
2 4 
2 6 
4 6 

8 8 

9 2 
9 4 



>^^X'=?7:'^>'-y — 
3?"7X^5l^m 

8,20 em 
x^x^-s^ 
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